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The Patent Office of the People's Republic of China 



Address: No. 6 X1TUCHENG ROAD, JIMEN BRIDGE, HAIDIAN DISTRICT, BEIJING Post code: 10008S 



Applicant: SUMITOMO ELECTRIC INDUSTRIES, LTD. 


ISSUING DATE: 


Agent: Ming'er FAN ; Pingyuan ZHANG 


Application No.: 021059071 


Title: OXYGEN DOPING METHOD OF GALLIUM NITRIDE SINGLE CRYSTAL SUBSTRATE 
AND OXYGEN-DOPED N-TYPE GALLIUM NITRIDE FREESTANDING SINGLE CRYSTAL 
SUBSTRATE 



THE FIRST OFFICE ACTION 



!. ^ The applicant filed a request for substantive examination according to Article 35 Paragraph 1 of the Patent Law. Upon 
this request, the examiner conducted a substantive examination to the above-mentioned patent application. 
□ According to Article 35 paragraph 2 of the Patent Law, Chinese Patent Office decided on its own initiative to conduct 
a substantive examination to the above-mentioned patent application. 
2. [3 The applicant requested to take 

Year 200 1 Month 04 Day 12 on which an application is filed with the JP patent office as the priority date. 

Year Month Day on which an application is filed with the patent office as the priority date. 

Year Month Day on which an application is filed with the patent office as the priority date. 

□ The applicant has submitted a copy of the earliest application document certified by the competent authority of 
that country. 

According to Article 30 of the Patent Law, if the applicant has not yet submitted the copy of the earliest application 
document certified by the competent authority of that country, the declaration for priority shall be deemed not to 
have been made. 

3- O The applicant submitted the amended document(s) on Year Month Day and Year Month Day . 

After examination, __ submitted on Year Month Day is/are not accepted , 

submitted on Year Month Day is/are not accepted, 

because said amendment(s) □ is/are not in conformity with Article 33 of the Patent Law. 

n is/are not in conformity with Rule 5 1 of the Implementing Regulations. 
The concrete reason(s) for not accepting the amendment(s) is/are presented on the text of Office Action. 

4. ^ The examination has been conducted based on the application text as originally filed. 

The examination has been conducted based on the following text(s): 

page(s) of the description, Claim(s) , and figure(s) in the original text of the application submitted on 

the filing day. 

page(s) of the description, claim(s) , and figure(s) submitted on Year Month Day . 

page(s) of the description, claim(s) , and figure(s) submitted on Year Month Day L 

5. |Z|This notification was made without search. 

^ This notification was made after search. 

[SThe following reference document(s) is/are cited (the reference numeral(s) thereof will be used in the examination 
procedure thereafter) 
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Publishing Date 




CN1237795A 


1999-12-8 
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6. Concluding comments 
n on the specification: 

□ The contents of the application belong to unpatentable subject matter as prescribed by Article 5 of the Patent Law. 

□ The contents of the application do not possess the practical applicability as prescribed by Article 22 paragraph 4 of 
the Patent Law. 

□ The specification is not in conformity with the provision of Article 26 of the Patent Law. 

□ The presentation of the specification is not in conformity with the provision of Rule 18 of the Implementing 
Regulations. 

5^ on the claims: 

O Claim(s) belong(s) to non-patentable subject matter as prescribed by Article 25 of the 

Patent law. 

□ Claim(s) do(es) not comply with the definition of a patent as prescribed by Rule 2 

paragraph 1 of the Implementing Regulations. 

Claim(s) 12,17 do(es) not possess novelty as requested by Article 22 paragraph 2 of the Patent Law. 
S/^O Claim(s) 1-11 do(cs) not possess inventiveness as requested by Article 22 paragraph 3 of the Patent Law. 

□ Claim(s) do(es) not comply with the provision of Article 26 paragraph 4 of the Patent Law. 

□ Claim(s) do(es) not comply with the provision of Article 3 1 paragraph 1 of the Patent Law. 

^ Claim(s)_12J L 7_do(es) not comply with provision of Rule 20 of the Implementing Regulations. 

O Claim(s) do(es) not comply with the provision of Article 9 of the Patent Law. 

(X] Claimfs) 13-16. 18-21 do(es) not comply with the provision of Rule 21 of the Implementing Regulations. 
The detailed analysis for the above concluding comments is presented on the text of this Office Action. 

7. Based on the above concluding comments, the examiner is of the opinion that 

□ The applicant should amend the application document(s) in accordance with the requirement as specified in the Office 

Action. 

□ The applicant should, in his observation, expound the patentability of the application, and amend the defects pointed out 

in the Office Action; or the application can hardly be approved. 

The examiner deems that the application lacks substantive features to make it patentable. Therefore, the application will 
be rejected if no convincing reasons are provided to prove its patentability. 

8. The applicant should pay attention to the following matters: 

(1) According to Article 37 of the Patent Law, the applicant is required to submit his observations within 4 
months upon receipt of this Office Action. If the time limit for making response is not met without any justified 
reason, the application will be deemed to have been withdrawn. 

(2) The amendment(s) made by the applicant must meet the requirements of Article 33 of the Patent Law. The amended 
text should be in duplicate, its format should conform to the related confinement in the Guidelines for Patent 
Examination. 

(3) The applicant and/or the agent should not go to the Chinese Patent Office to interview the examiner without being 
invited. 

(4) The observation and/of the amended document(s) must be mailed or delivered to the Receiving Section of the 
Chinese Patent Office. No legal effect shall apply for any document(s) that are not mailed to or reached the Receiving 
Section. 

9. The text of this Office Action contain s 3 pageCsI and has the following attachment(s): 
fl 1 copy of the cited references, all together 23 p ages. 

□ 
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, ffi GaAs W&±&i GaN *h5I*feiSc , flUsSS GaAs # 
GaN tt&U&JK. 



* . i c" ii» : o" i s« i o" 




*L #J * * 4$ 



&y&"?$LfiL%£. 1 x 10 16 cm 3 ~1 * 10 20 cm" 3 . 

3. JHtttftUfc*- 1 ft&tfj&im^&ttA, grftfa&T: 1 
x 10 16 cnT 3 ~l x 10 20 cm" 3 & B A , fljJ«&4t J*A£ 1 * 10 18 cm -3 ^T. 

4. 1 tf&tifUfcflM^AJtJfc' Si & 
JI^l l x io 17 cm 3 ^T. 

GaAs ( 111 ) *t£Ji, ^**-hiit^-f-*— -2]**>^iE 

iA^^«MWf; ^MBYTES*, gp^H 2 #^^>^^, #J 

#£vfc Ga jfa HC1 GaCl, j»J&*|« GaN, MOC 

Pp« H 2 tf#**T-*L*. Ga HC1 GaCl, 

i»^*]«*.4.AGaN; * Jii£^r*«. GaN ft* 

i&zMKf HCK NH 3 ^> H a *l###*h*ftSM-^*. HVPE& 
* MOC &&AMMJ&VU*-JSL«l#J9-til GaN ^h^-^; # GaAs ft&fr 
**gtfr*j&'M A n ^ GaN 

6. — St&^M^tt^W*]^*' 
GaAs ( 111 ) #J&Jl, ^^-t-St^-T-e "f [11 " 2]3rfc*[l - 10]>T 

41; )MHVPE&, 1*8* Ha^***-^*, *J/9^r>& Ga if* HC1 

GaCl, *J5*J/8#JlA GaN, A**JB MOC H,## 

ft3ftrf<*M£, *J^**^A Ga^HCHW'ft GaCl, &i A 

GaN; £ JA***. GaN ^J^^\ HCU NH 3 

^> H 2 ^ft^^&>^^' HVPE MOC 

i±#-^jM.#4*J?-tf GaN *\-&M:\ # GaAs ;H\&*»*&fifc-*-^*J A n 

U GaN #*fc.2:J&. 
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^■f-^^**.^*.**^^**. ******* GaN 

#.A#jK.a.**Ut**- 4**1*.*** n £ GaN*fc.tt*Utar*. & 

^.3-5 -fb^*+-^*t *A*W*tJ&*4M*4Mt A GaAs, InP, 
*. ##-***tto<frJ&*lA*iv&. ^Ai^^t GaN ^JA^.^ 

^LGaN^t^, /3fria*tM**4MMr##*frA. T«#GaN**fti. 

GaN &&»MJk#M#M.*-&.#-> #r*T£A#/£'N£. 42.* 
f-A^feVlMt^FJ. A^^-fc^PI. £ GaN JWt;* it*.*****. 
GaN Wi*Lf J?*l*#l^^**. ^AiLJfc&*. 

GaN/5t*#**4*4i. £GaAa*InPilUfc»tfti"*.T. A^tt^-i 

itX, SU&^iMJ^^M^t-GaN, rf&.B-sETfe'sM- AIN* InN. 
A* GaN ifp A1N jfb InN rtSt^A*******.*****.*^.^' 

^^AIN, J^^ifc GaN *.*iMfttt. ^IM^iMJ^-f- 
4M*i4MM&*.GaN. 

A MOCVD &, «. GaN *J»*Jt*^#A-t^lt±^. tiA/b+K 
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*-f&J.GaN&J&, *t«lJUM.GaN*i-Jfc.. ^?"f"&^T GaN 
*#e*«*MM GaN **JJ£&iJl*i-=4Mf* 

at*.*, jt** *Wfe**t***.« « 

A— *H**&#tt*W. *-fii>h^H. GaN 
^»t£, 4H.4£#*JA*tt GaN tL-ttTLVrtf) to ft 

******* . #*&##*4ML4H*. *-FJWHfr*A**it>. 
*>#f3£if&. iUt-MMfc, ««.*.**> it**-*-******" 

3I-. ^L*^jl££;6ifc#*f*tf . ate*-to*J** A^&. #■ 

Jfc*tf*it4ft-F GaN, «Ut. hMT******. ^GaN^.'S-L^^-^. 

Sic *-*t<fr**L* *«*#*>. sic 

#*#A, 4Ht*»A*. ^ffc*h**i^« SiC^*A*0 GaNA.* 



^^^yjslM:^ f-^^^^nm,. jzgi&^^tf} GaN 

# GaN *h«L&+, fc^* 10 9 cm -2 £ GaAs 

#J&tttfr«.T» «*^MU84M*iMW . # 10 4 cm" 2 iE.;&tf 

■=4Mf**#fe. -*TMSL&r- ^^T&i^tf^N 3 }-. ^jt.£. GaN 3mfe»$S- 

GaN JfcfcitJfcib'fr t . GaN 
lO'cm" 2 , ^Jt-^MIi^. *f#MI^^. /Strife 
&J&# GaN ttf^>t*h A4M*#«fc*B. A*tf#t-fc*W. 

i^/T^l^ ELO(Epitaxial Lateral Overgrowth *Y&$(fa 
GaN>gr, jL&&&%tjLstft&#}, ^i^7&*MM=4~. 

(ELO) . *JIL*^fr.M/f*#4Nfr*.* C-II. vol. J81-C-II, 
p58~64. 

GaN**L-&. «.*38r#)# y, WiATftKi+ttMr-kA, x=(k+ 
e)A (k^^lfc, A^x^i^J^^, e A . SP*-&^^r 

ft#jL:£;6#[ll-2] (*P[1121, TB) ^[l-101^r^. 



•4p^itf GaN A4^*^tt*#&<JW***.. *3T'tifl#*jS.£;G# 

*»fefc.Ht. fi^i^^i^*^^. *M:*!UM* GaN*£A, 

*J JfJ £-£t4M£+] -ft GaN/m A A 

fr£-tt£-Sfr. *AMl#j*7**£^*«#*** ******* te*r-f 
j&i^<t3tWTr*W*. /tfiaifrisiflf*. tf*.*lfe#Jfc£-£*-k*.*.* 

a-fit*****" GaN #Jft**ttJfc**t*W. #«i^#jfc4L*.* 

GaN TG^^^^f" ^ A-SLa-JL GaN . GaN A -h 

- *-A*W*. a&A-totfJM**^**** 

GaNtfjMPHaJfc*****.*- 



PMN, GaN A* *^+4fr4Mfcifc#*^ 

;MLW**^it#*M**. iM-T* GaAs #A Jiii.it ELO 
GaN GaAs #£,*l4*#***f-tt GaN ^W*J#^"*. 

#*i&#^»Jk£i££:^tt GaAs#A-h, ^/g**l*kMti4Mfc 

^«^IL4b^*^Jfcft«Ji5l^^— 

jE^fl 

i£#**tf. «. GaN * GaAs ^Jiflt^t^^-lfe. 
*5kfr*hJ4£.-]fc*$*t*. GaN ^ 

^M^S-fl * + 9-298300 10-9008 -f-t*W 

T^^ji.^'^-. GaAs ( 111 ) A B S-b, i$.&SLSL 

tt^^I^ fi& JL>3r & . /3f ifctf ( 1 1 1 ) A tfj A Ga 7§t Ji#*'J & . 

*W-=Ut^lfeit#4L*. "-" ^ GaAs (111) 

A^jL3t^^^A[ll-2]^[l-10]„ itJL, 4£J&y=[ll-2], x=[l 
-lOJtf^MUt (111) #Jl#.£#. #tf5t=-&^m— it^ d, Mt%: 
x=3 ,/2 kd, y=hd (D 

^j^l x =3 1/2 (k+0.5)d, y=(h+0.5)d (2) 

k. h 6 *#iitt*. *^T^^*^ 

^1:^ ( ±3 ,/2 /2, ±1/2) , (0, ±1) . 



:MMfr^:fri£^iE^>&^tf^&*ti & GaN GaAs J3'J 
j*£^#*fe:3L#;&, »*c#37-h, 4& GaAs[l - 10];Fl^ GaN[l - 
210]^Tt6j^#4.-^. GaAs ^^te^^i^-^- 

#v|£ji£-£.. ^^X^^^^^-J^, J5'J GaN ^^r^i^-^. 

^^^r^iTTii^. @ 2 4t^£-fcitf + GaN^^ 
l#AA^|s]Ht-&-/&. j&^^M^-fc, 

^^t'^M^lir. /£. GaAs ( 111 ) A i§7_fc- GaN f-^-^-, &Jk& 
*«*Bt, Si*jL-f y*b. y 30° . £(111) 

A ftjL&L#.& t JL*&J&> &$r— itJ&[ll-2]*jL. £-£-#&#[2-l 
-1], [-12-1]. ^^r#.^P^-GaAs^^^r^. 

£^Ji&*N£Jl-&# GaN #35^4 ft. GaAs 

° a> b> d) Bt, #t^i^*r^^^^l:Mk, K m. 

* k+l+m=0 ti&Jty . n c #J4&. c #fc*jL-f ( a. 

b. dSj), fflftc4*3fr6 2fc*fr#M£. GaAs i#[lll]#»;fa GaN # c 
4*^#3*.a*Mrarift±-fc. *-f-GaAs(lll)*3|t3Jfe.*t#4t. *h3*« 
6 #3Tte# GaN ft-ffc . GaN c JlI" GaAs( 111 ) 

So GaN (0001 ) fc^fT-f- GaAs (ill) GaN[10 - lOJ^Mf-f 
GaAs ^[11-21^-^J (y 4*) . GaN[l - 2101+fi-f GaAs ft [-1101 
(x#) . 

*Jt**^J«.T^it#** ELO 3T&# GaN **Atf *Jifc*i*. 
GaAs # A -b. £ A A * a * # # GaN * & . ¥t GaAs *T A 
*J4*#, GaN Jft. 



m 4 41* GaN tf)*\>&£-%Li±0-. m 4( 1 )&-&ft#r&Mfc& GaAs 
^t^Ji#^iStT^r^^^. ©4(2) ^L^^^aT^GaNH^A*. 
*^tftt#^-fc£.-fctt4fe&. ©4(3) iM^at— jfraUR GaN, <&J?- 
£>f;fr. ^^aT^.^«LH'AS»A*A^^ GaN, 4Ml&ST& 
4*. GaN 4L-Jfe^i±^t *-f ^t«*^4L9l«. 
H 1 ^. «T*^*N-WHH^h^-M-^A*. GaAs 
iUi^*lfr**MJW^. iH±it#*ha*.*J41r4ftA^ GaN # 
JMM£v&4u&jfeAGaN#A. *^lfc4^jfc# GaN-£ 
A, #«*;FffcflA#Jfc. GaN 

******* W*. 

&JUM**;M**3l. SMNM^+iM MOCVD GaN & 

Jft. *-T-fltGaN^-Ji.i-JfeAi n^, flfeMMfT Si. &^#4£#^ 
# Si # <l4M^4fc *L (SiH 4 ) . ^TA^^^A— 

-M*ffe*4fcfl. **4^«l— JU$t##- 

£^J.^&###-^!te. Si ^ n 32 . **GaAs*fc**A» 

H'JJ.q^. *»*.GaN*4Mfc, JHJLn 

##rtJfcikfT*4M** , .I. n 34 GaN 4* 4£*];fr*. • 



GaN n ^t^^ 

-W*», &m HVPE ( g4b4fr*Ull ) 4*. GaN ^5^4. -J^6^ 

tfr^T, >S*Mf£vfc Ga, JU£&HC1> NH 3 , /Mf + jft*-M*.. 
&&**jtt, >(&GaN JhlfcAJ. n ^. t 
GaN ^ n 

GaN B fl ^tA n ^#&#J , -&^$Li£? n 

B&, iiM GaN*h&, jMIL^^**l. ilA^a^^l 

H. 

*&A***.fcWfli*Aifttt*S£*. ^ l. x 10" cm'M x 10 20 
&&J&ytiL^-$LJ$L% 1 x 10 16 cm"M x io 20 cm" 3 . 

Q 1 JML^# GaAs ( 111 ) A &^%ttJk, 
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f tKrSe. ffl . 

JE:*i£^# GaN *J»j£*. W l# S . 

® 4 GaN mh^^ii^tf^®. (1) A#GaAs^rp 

4E.*tJ&JitfiF*H. (2) AteGaNl&^^M^ft^^-^^ 
(3) *.*ife*t GaN (4) £.#*J4*A1&*^** 

§ 6 A GaN A**4UML ( cm" 5 ) ( cm" 3 ) 

n. 

GaN tf*hJl£.-fc*&*»3r 4#. 

1. HVPE (Halide Vapor Phase Epitaxy) & 4b #7 

2. MOC (Metallorganic Chloride Vapor Phase Epitaxy)^ 

*l£v* & 4fc # *M * * 

3. MOCVD (Metallorganic Chemical Vapor Phase 

Deposition) ##t^r>& CVD 

4. *t-#Lj* 

a^i#^UB*.-ife*iS* Ga ii.it Ga+HCl-GaCl 

Jk, tffthHAGaCl, i&it& NH 3 ^ GaCl i*J£ , GaN. #J4t#I 

GaCHt##4fc#. MOC « Ga Ga(CH 3 ) 3 #>&#K i&it 

Ga(CH 3 ) 3 + HCI-GaCl <KlisJ&> #Jj& GaCl. 5i.it*. NH 3 GaCl it 
GaN. Hifc^E. 9O0X3i54-h^S63S-Ti & GaAs ^t&Ji'&i^ 
GaNi£#*N»!£-fc> i^A^ t ^^t^^^^- 
MOCVD Ga Ga(CH 3 ) 3 #>&*K CH 3 Jl*^ 
?|&Ga(CH 3 ) 3 +NH 3 -GaNtH>iL&. #JB4*.*£*$ 
i£4r GaN tt^HA-fc. 



3 4* MOCVD i*#*#JS*h + 4fc/fl##«** Ga. iJ&JLSSt 

^^■Ht^J'ft GaCI #X>»f „ @*b, 

GaN*h*i>g:. 4* #*SMt*#£. 1 * 10 18 cnT 3 aT, -B-2*L# 
i^>f # GaN &N # MOCVD £.&&JlX&3% 
HVPE&r, MOC^^4-. ft**, 4L±Mnm&p&&Mtti4tM. *» 
J9'J^fflt^-f-4ffc ( n ) ft*j£Hs£#*A.&. 

#tA n ^#&#] , 'fc-f-jMILAA«i'W*4L/L-f-^4. ( 10 18 cm 

" 3 i*T) ft***.- >£GaN t*^*:MW*#«***a***.. T 

4^4193 x£^*M & GaCI &lA GaN tf> HVPE MOC 
*. GaN t^^A-Mt*.!^!*, A 

zMP^T, ^ajMfj**^*^******^*. titfi MOC ^ HVPE ^. 
#t. HCl + -*-;fr«**U *MMf3&. >^ HCI + 
GaN 

#J. ^j^JL^l x 10 16 cm" 3 ~l>< 10 20 cm" 3 ft*J£,©F*l, fe*J# n 
-^^^.^ 1 x io 16 cm 3 ~1 x 10 20 cm" 3 tt&K ft ft GaN 
*9ltfSMt4t#* 5 x 10 17 cm 3 ~5 x 10 19 cm" 3 . ^7 1 * 10 18 cm M x 
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8l4i*.iM MOCVD *$Jk-£.M4¥ GaN. i£Hfr n 

##14. Si. (SiH 4 ) *U«41MM**L. T^J&^A— *t&«f*L 

4LjjJLq8^^5t#*0^.^#"*'*fe*J^ n ^ GaN ^^Si 
JWtfM«*A>GaN*A + . #**M4SMW. GaN * 

##*HHfc*j lxl0 17 cm' 3 ^T. 
1: GaN/GaAs: HVPE S*r, 3 *t HC1 ^] 
& GaAs (111) A &iift#*M*j£7 Si0 2 fe*lJ&. 

ATtM^MIt^^t^M (Si). 2** 

JL^r. GaAs#J&#<ll-2>>3r4£* «l 4 ft Jig. ( =d ) #A— 

?<J. 3.5** (=3 1/2 d/2) «*H# 

<K) !*j 5E#A3 ^h— ?«J W . *W T T W #fi^ *T • St 
&.-VL, **#,**t«t^4**^. JW*iAS&<ll-2>^r*l**— 
it<Ki JHfe 4 **#iE-2-)& ^ . 

jfcb^r, Jfj HVPE i 490X3 *^#,aT, &-¥t$U GaAs A 

T * GaN #fA# 80nm ft*.**. St— & 920X?~1050 
TC^^T. % AT fr#J 200 GaN *h**J:. 

(GaN*itA) 490 TC 80nm 

(GaN*b*£^) 920"C~1050 < C 200** 

**** (2#MOL>n ttf GaAs 
GaN A4*. GaN #*if A^^^iML^^****** 
JH^*, fete^-tefrTrte— £fc, flri* GaAs fLift7F®-&& 

(©2) . ^fltA^^^^JJLA*^. dMMrte-* 

Sfc. jgUfc^tt**.*.*.-*.** GaN A#**JlMfc*MB**fc (® 

HVPE *A##^T£v* Ga- 
^♦A4^iUa^rt^, #Ga*Ji*;M&$!) 800^^Ji, 4& HCi ^'M, 
^AGaCl, J?aJW&Wi£tf NH 3 iU£> -&GaN£#^Ji£-£. A 



^ft«^JJ#|-nAOf 3 «fjET5jr* Ga^H 5. « + 

Ga 6. 1 6*T3r> #Jfl & 8 fj-flMM* A *»*biL# 

7. GaAs ^ 9 7 _h. 1 ^T**# 

io, #J/BJl-£#*UtA**lb£*L. #HCl+H 2 ^#^^*hV^ a 
3-f-^. ft*&41iMk**^ Ga MNH 3 +H 2 *UMUMt 

JSl&$*% 2Ga+2HCl-*2GaCl+H 2 . Ga^^#. fc-f^Ufc. 

+ 5fc#£v*. #T»U']^&^&^ftf#W Ga #3M£4& GaCl. 
T'fe fc*flJ8*.<ML. GattJi/ftflMR**, JtfSl* 

%%4Z& VPE. Ga^GaCl*<ffc£4r*l*&v*. *M1>£ # * l§} 

Ga #^&*l*]o ftlUllNHj g-fa&te 

itl, liU^T 3 *t HCI ^<fc. 

(a) ^#^7 2000ppm^^^^^^ HC1 ^ 

(b) 150ppm#^7^>t^^^ HCl^ 

(c) A. £.&4T**M # ft HC1 *L 

*»_h^Til, HCl^t^*^****^ Tic, #7fiMc&> 

# GaAs Jfc/fJiULft GaNJBWAJMfctf#J***JBL 
GaN/ GaAs, , «fe# GaAs #A**f#. 

T GaN JUL #/Mt**# 200 4**, i£#*fc&*f- 
TGaN^M, f&ft ft (fi^f* GaN#J*. 

HC1 ^(a)~(c)^r^^"ft, #J#£ ^ GaN ^J^L 
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S, Jp-fibt^ T(c)t# HC1 GaN, •VJbWfL. 
2: GaN/GaAs: HVPE 7jc^ HC1 ^] 
3U8J?£*fc#.J l^ilS)^^-^, £GaAs*t&JL*W7 GaN&>fc. 

mm HVPE GaN GaN *h*£A, 

it— fltt. T>l=i^AHCl HC1 ^J*^**-*-***. 4 *. 

Ga, -MUM-^Lt-MT*.. ii.i±#3MP*^L#-+. 
**Mfc GaCl t^^f^o 

(d) iLXat#^*m**feAtf HCI *L 

(e) #J^&^-fcio^7A*3!K-^feJfc*iLj&^a»fi. 
#^it^^tb^^it^^^>a^^^(d+e)#^ HCI ^*'J 

HCI tflfc^£#>M000ppm#T#fe Sift. $L%M> 
H 2 O/HCl=0~3000ppm &J fc S) 1*1 2Ga+2HCl- 
2GaCl+ H 2 #iU&t , 3U&^ GaCl <H> — # 7 *N 

3: GaN / GaAs: HVPE HCI 
&mJ%&#LW l^l^^^T^-, ^GaAs^t^_h*I#7 GaNaW. 
' ^^-^-^.JE=-^^^^^^^4«fe-^l, *J/3 HVPE £fer, *k/kGaN4£. 
Jf^* 3 -GaN^HA, i&— FUtf. * W tf£.3M£l- ( HCI ) K'Jr . 
i&^3k#$t^v&^ HCI . ii-ibfc HCI *L + -Mr*. «fe4fc*Jfc«. 
GaCl 

(f) iL*j&4f*<Wtt HCI ^ 

(g) i^lk/MMi* 

#*itS^Mi+46ji«^^»^^^(f+g)^^ HCI 
fl. #*Mt HCI tftb-^^.^ 3000ppm v*T#&®. £ 
O 2 /HCl=0~3000ppm tf&fflflitafc'ffc. JL^ 2Ga+2HCl - 
2GaCI+H 2 ttiUfct, fc-f**., fcfltA. GaCl tt— 

[^^'J 4: GaN/GaAs: HVPE ^, *M* NH 3 ^] 
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$Lm^£&W 1 temtfj7*-&> ^GaAs#^JnN4t7 GaN as*. 
$L&.i&, HVPE £A GaN H>f/§:^ GaN 

&—A&.temtf] a *m#iJLm nh 3 ^. NH 3 ^##&^#i^-- 

(h) ^*ifc^fr*l*$*Ait.tt NH 3 ^ 

(i) iN^A^^b^^TA#fc3^*0fe>fc»ilL>fe^a»ft 

^ ¥i ^^%L&& #J ^*(h+i)# % JC^ft 

^ t 5~50ppm & ffl 1*1 . & -t^tm NH 3 ^ *Jfc HC1 

[^3fc#'J 5: GaN/GaAs: HVPE JM* NH 3 
jMj-^£;&#'J lftHtt^r*, £ GaAs #J&JL*Hfc 7 GaN**. 
ft/fl*kBI. #J/B HVPESfr, 4LAGaNA3tA^GaN^JMt, .it— ^ 

Jfltt-liA lOppm, lOOppm. fc-fftJfltf NH 3 ^tf *Ms 

6 6 jM*£;jMN 1~£*M*I 5 # 38 #^^fL^JL/^,^^Jt^ 

#JM*ft*^*£.n(ciir 3 ). A**AJl**0=ii. jLifctf 

«*&*L*-t-f-^-f JL* 0=n , n 

100%. *«f £ + # 0<n ft ^f«*^**+4L*-t 

5^.it 100%. 

#*h&4Mi*± 100%, *B^#A. T^iU^^ SIMS^^f 
4*3.** Hall Stt^JL4LA5l**^^itAWJL^- T*#4*W 6 

**UB«.*A*^WA*-f-*it. «fc#**f-*A**i* i x io ,6 cm- 3 ~ 
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1 * 10 20 cm~ 3 tf *.&8f*l. 

te£:Mr&9S6. ^^JJ a~c #fHCl 

^L, «C^GaN#A^iHl&±^*-- #- lfrT4t#/M i |-ttHCl + 

^^^^^"^U^rJlr^^^^^^^^ (MOC: Metallorganic 
Chloride ) , £ GaAs #^_h^ GaN H 1^4L-&^;#*fe -<M&jM, 
«J*M*£#. HCI i UU Ga(CH 3 ) 3 + , tfBfr&AGaCl, 

NH 3 tfj^M , HWA GaN. £#J# GaCI ttfiNMfrfiMU 

GaN 

TIME. GaN t* n 3MMf*J**4Ml, at'/£4M£ 
i£l00%. *it4ftHW*JftA. GaN *Aiir 
nfi GaN*&. & Si 4t;H?#&#J , f%Mtt4t&M/L 
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